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DRIVER INTENT ESTIMATION WITHOUT FIG . 3 illustrates example components and an example 
USING TORQUE SENSOR SIGNAL dataflow diagram of a driver intent detection module in 

accordance with some embodiments ; 
BACKGROUND FIG . 4 depicts example components and an example 

5 dataflow of a disturbance compute module in accordance 
Some electric power steering ( EPS ) systems use a torque with some embodiments ; 

sensor to determine driver - requested assist . If an event FIG . 5 depicts a dataflow diagram of the disturbance 
affects the functionality of the torque sensor , the system may compute module for computing disturbance torque in accor 
not be able to provide full assist and revert to a reduced assist dance with some embodiments ; and 
mode or loss of assist mode . When EPS is in normal 10 FIG . 6 depicts example components and an example 
operation , a torque sensor usually measures the driver inten - dataflow of a scaling module in accordance with some 
tion . However , during a torque sensor failure , data repre embodiments . 
sentative of driver intention is unavailable . 

DETAILED DESCRIPTION 15 SUMMARY 
As used herein the terms module and sub - module refer to 

According to one or more examples , a power steering one or more processing circuits such as an application 
system for providing motor torque assist command includes specific integrated circuit ( ASIC ) , an electronic circuit , a 
a rack torque estimation module that determines an esti - 20 processor ( shared , dedicated , or group ) and memory that 
mated rack torque value based on a motor angle , and a motor executes one or more software or firmware programs , a 
velocity ; a driver intent detection module that computes a combinational logic circuit , and / or other suitable compo 
disturbance torque scaling factor based on the estimated rack nents that provide the described functionality . As can be 
torque value ; and a blend module that generates the motor appreciated , the sub - modules described below can be com 
torque assist command based on a scaled value of the 25 bined and / or further partitioned . 
estimated rack torque value using the disturbance torque The technical solutions described herein facilitate a power 
scaling factor . steering system in a vehicle , such as an automobile to 

According to one or more examples , a method for pro - provide an assisting force or torque so that a driver of the 
viding motor torque assist command by a power steering vehicle can provide lesser effort when turning a steering 
system , includes determining a estimated rack torque value 30 wheel of the vehicle when driving . Typically , the power 
based on a motor angle , and a motor velocity ; computing a steering system provides the assisting force based on a 
disturbance torque scaling factor based on the estimated rack torque sensor that determines the driver requested assist . 

However , if the torque sensor is absent , disabled , or dam torque value ; and generating the motor torque assist com 
mand based on a scaled value of the estimated rack torque aged , or in any other case of failure , the power steering 

35 system may not provide the assisting force , which will cause using the disturbance torque scaling factor . the driver to apply higher than usual torque to the steering . According to one or more examples , a power steering The technical solutions described herein solve such techni system for providing driver assistance torque includes a cal problems by computing the assisting force by determin 
torque sensor configured to detect a driver torque signal ing an intention of the driver based on a rack force ( kingpin 
from a handwheel of the power steering system ; and a 40 torque ) estimator module , without relying on the torque 
control module that , in response to the torque sensor oper sensor . In one or more examples , the power steering system 
ating without a failure , determines a first estimated rack computes the assisting force as described herein in the 
torque value based on a motor angle , a motor velocity , and background , and in response to detecting a failure of the 
the driver torque signal ; and generates a first motor torque torque sensor , the power steering system switches to using 
assist command based on the first estimated rack torque 45 the assisting force as described herein . 
value . The control module , in response to detecting a failure Referring now to the Figures , where the invention will be 
of the torque sensor , determines a second estimated rack described with reference to specific embodiments , without 
torque value based on the motor angle , and the motor limiting same , FIG . 1 is an exemplary embodiment of a 
velocity ( without the driver torque signal ) ; computes a vehicle 10 including a steering system 12 is illustrated . In 
disturbance torque scaling factor based on the second esti - 50 various embodiments , the steering system 12 includes a 
mated rack torque value ; and generates a second motor handwheel 14 coupled to a steering shaft system 16 which 
torque assist command based on a scaled value of the second includes steering column , intermediate shaft , & the neces 
estimated rack torque value using the disturbance torque sary joints . In one exemplary embodiment , the steering 
scaling factor . system 12 is an electric power steering ( EPS ) system that 

55 further includes a steering assist unit 18 that couples to the 
BRIEF DESCRIPTION OF THE DRAWINGS steering shaft system 16 of the steering system 12 , and to tie 

rods 20 , 22 of the vehicle 10 . Alternatively , steering assist 
The subject matter , which is regarded as the invention , is unit 18 may be coupling the upper portion of the steering 

particularly pointed out and distinctly claimed in the claims shaft system 16 with the lower portion of that system . The 
at the conclusion of the specification . The foregoing and 60 steering assist unit 18 includes , for example , a rack and 
other features , and advantages of the invention are apparent pinion steering mechanism ( not shown ) that may be coupled 
from the following detailed description taken in conjunction through the steering shaft system 16 to a steering actuator 
with the accompanying drawings in which : motor 19 and gearing . During operation , as a vehicle opera 

FIG . 1 depicts a schematic diagram of a motor control tor turns the handwheel 14 , the steering actuator motor 19 
system in accordance with exemplary embodiments ; 65 provides the assistance to move the tie rods 20 , 22 that in 

FIG . 2 illustrates a dataflow diagram of a control module turn moves steering knuckles 24 , 26 , respectively , coupled to 
in accordance with some embodiments ; roadway wheels 28 , 30 , respectively of the vehicle 10 . 



various sensors 31 , 

based on the observable conditions . In on 
than two separate algorithms depending on the vehicle speed 

The control module 40 generates a motor torque assist 

signals input from sensors 31 , 32 , 33 , and may receive other 
inputs , such as a vehicle speed signal 34 . The control module one or more examples . It is understood that a multiplier is 

just one example of the blend module 230 and that in one or 

systems and methods of the present disclosure . 
control systems and methods of the present disclosure apply 

determine a surface friction level 42 as a control signal that 25 that is driving the vehicle , by facilitating the driver to apply 

tions described herein . The blend module 230 uses the 

area network ( CAN ) bus or other vehicle network known in 35 KPH . In one or more examples , the disturbance torque 

as a motor torque ) used to 45 computers , as described herein . 

bance torque based on the signals from the sensors of the 
steering uncertainties 

For example the torque estimation module 220 receives the 

The torque estimation module 220 may be a static tire 
torque estimator or a rolling tire torque estimator . Other 55 motor torque assist command 242 generated by the control 

torque , such as in an empirical manner , by using a lookup 
table , or by using a model based approach , and so on . The torque assist command 225 through a delay component 240 . 

222 when the vehicle speed is below a predetermined level , 60 a unit delay component that provides the last motor torque 

any other such predetermined speed . The rolling tire motor Sample value is P . Alternatively , the delay component 240 

more examples , the control module 40 includes two separate 65 previous motor torque assist command to the driver intent 

240 may delay the motor assist command 225 by X sample 
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units , so that the previous motor assist command 242 is the of the steering system 12 . The term fobs represents the rate 
motor assist command generated at ( T - X ) th sample where T of change of the system state , or a state change ( e . g . , the 
indicated current sample . differentiation of ?obs ) . The term u refers to system input . FIG . 3 illustrates a dataflow diagram of the driver intent The term y refers to system output . The term Aobs refers to 
detection module 210 . The driver intent detection module 5 a system matrix , and determines how the current state ( e . g . , 
210 includes a disturbance compute module 410 and a Âobs ) affects the state change ; ?obs . The term Bobs represents scaling module 420 among other components . The distur a control matrix , and determines how the system input u bance compute module 410 estimates the disturbance torque 
rate 415 based on the motor velocity , the motor angle , affects the state change fobs . L represents the observer gain 
previous torque assist command 242 , and the rack torque 10 matrix , and determines how an error e between a measured 
estimate 222 . The scaling module 420 uses the disturbance system output y and a calculated system output ? affects the 
torque rate 415 and the previous torque assist command 242 state change ?obs . Finally , the term Cobs ( not expressed in 
to generate a scaling factor 425 . In one or more examples , equation 1 ) refers to an output matrix , and calculates system 
the scaling factor 425 may be output as the T - SF 215 . output ? using the calculated state gohre 
Alternatively , the driver intent detection module 210 15 Referring to FIG . 4 , the inputs that are shown are the 
includes a rate limiter 430 that limits the output rate of scaled versions of the input as described herein . The distur 
change of the scaling factor 425 . As illustrated in FIG . 2 , the bance torque modeler 510 uses the extended observer algo 
control module 40 uses the torque disturbance scaling factor rithm described above and the scaled inputs to compute the 
T - SF 215 to scale the estimated rack torque 222 to disturbance torque rate Tdis 415 . In one or more examples , 
produce the motor torque assist command 225 . 20 the scaled inputs may be further processed prior to the 

Further , the driver intent detection module 210 scales the extended observer model using the inputs . For example , the 
inputs to the disturbance compute module 410 to match units estimated rack torque 222 may be passed through one or 
of the hand - wheel coordinate system . For example , the more gain components that scale the estimated rack torque 
driver intent detection module 210 uses a gain value defined 222 by predetermined values as shown . The disturbance 
as N AM to scale the inputs , where N AM is a ratio 25 torque modeler 510 also receives the previous motor torque 
between motor rotation speed and handwheel ( HW ) rotation 242 . The previous motor torque 242 and the estimated rack 
speed . In addition , the driver intent detection module 210 torque 222 values may be blended together , for example by 
may use a constant term ' eff ” , which indicates a mechanical using an adder component as shown in FIG . 5 . The previous 
efficiency between the motor and rack . In one or more motor torque 242 and the estimated rack torque 222 together 
examples , as shown in FIG . 4 , the actual motor torque 30 are the input ‘ u ' 505 to the extended observer algorithm . In 
( measured by a sensor ) is scaled by a product ofN AM and addition the disturbance torque modeler 510 receives the 
eff . Motor position , motor velocity , and estimated rack motor angle and motor velocity signals , which together form 
torque are scaled by various values based on N _ AM . the input ' y ' 502 to the extended observer algorithm . 
Accordingly , the disturbance compute module 410 provides module 410 provides FIG . 5 depicts a dataflow diagram of the disturbance 
a disturbance torque 415 in handwheel coordinates . It is 35 compute module 410 for computing the disturbance torque 
understood that the inputs to the disturbance compute mod rate 415 according to the extended observer algorithm based 
ule 410 may be scaled in a different manner than what is on a one - mass model . It is understood that other examples 
described above . of the disturbance compute module 410 may use different 

FIG . 4 depicts example components and an example scheme of calculation or digital filters . As described earlier , 
dataflow of the disturbance compute module 410 . The 40 the algorithm uses the input u 505 to determine the estimated 
disturbance compute module 410 includes a disturbance output û 610 , and further compares the actual measured 
torque modeler 510 , a low pass filter 520 , a high pass filter output y 502 ( angle , velocity ) to the estimated output û 610 . 
525 , and a delay component 530 , among other components . The difference between y and ? is an error that is to be 
In one or more examples , the disturbance torque modeler minimized . The disturbance compute module 410 computes 
510 computes an estimated T . . . value 515 which is then 45 a matrix L 620 such that drives the error of y - ý to zero , and 
band - pass filtered to obtain a filtered torque disturbance 415 therefore causes the estimated states Ê 612 to approach the 
using an extended state observer algorithm in the continuous values of the actual states X . In one or more examples , the 
domain . However , it is understood that other implementa - matrix L 620 may be determined using Kalman filtering . 
tions may be used as well such as , for example , the discrete The Tdis modeler 510 includes a subtractor component 
domain . 50 615 that receives the input y 502 and the estimated output 

The disturbance torque modeler 510 may implement the 610 to compute the difference y - y . The output difference is 
extended state observer algorithm . The term extended state multiplied by the matrix L and passed to an adder 650 . The 
refers to the addition of unknown inputs to system states . In adder 650 also receives the input u 505 after being scaled 
one approach , the system ( e . g . , the steering system 12 ) may using the predetermined Bobs matrix to generate the term 
contain between six to eight state variables , however it is 55 Bobs : U , as shown at block 605 . The adder component 650 
understood any number of variables may be used as well . receives , as a third input the estimated states î 612 after 
Some examples of state variables include , for example , being scaled using the predetermined Aobs matrix . The adder 
position , and velocity . The extended state observer may be component 650 , thus , adds the three terms that are on the 
expressed by equation 1 as : right - hand - side of Equation 1 . The output of the adder 650 

60 provides the vector b , 655 that represents a rate of change 
< obs - Aobºobs + Bab , 4 + Ly - ) of the system state , which is integrated by an integrator 660 

where the cap or hat symbol “ * ” is used to indicate an to output a vector of the estimated states Ñ 612 . Multiplying 
estimated signal ( e . g . , a calculated or predicted system the vector of the estimated states ô 612 with a selector matrix 
output ) , and the subscript " obs ” indicates observed . Specifi - P provides the estimated Tdis 515 as the output of the Tdis 
cally , Xobs refers to a state of the steering system 12 , and 65 modeler , as shown at block 670 . 
contains state variables that represent values inside the Referring back to FIG . 4 , the disturbance torque rate 415 
steering system 12 . The term Âobs refers to a calculated state ( Tdis ) is passed through the low pass filter 520 and the high 

( 1 ) 
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pass filter 525 to facilitate the Tdis to be within a specific is used to predict the driver intent . Accordingly , when the 
frequency band . The filter cutoff frequencies are calibrate sign of the delta - T is 550 value is opposite that of the 
able . For example , the low pass filter 520 may limit the Tdis previous assist command 225 , it is indicative that an assist 
to a frequency of less than 20 Hz , and the high pass filter 525 command opposite to the driver intent is being provided . 
may limit the T . , to a frequency of more than 0 . 2 Hz . It is 5 Accordingly , the assist command is scaled down to a low 
understood that other frequency limits may be used in other value , as shown at block 712 . In one or more examples , the 
examples . In one or more examples , the T fie 415 is output to assist command is negated or cancelled , for example if the 

scalar used in block 712 is 0 ( zero ) . Alternatively , if the the scaling block after the band pass filtering by the low pass delta - T . die 550 value and the previous assist command 242 filter 520 and the high pass filter 525 . By band pass filtering 
the disturbance torque rate Tdis 415 in this manner , the 10 are in the same direction , that is have the same sign , the 

assist command is not altered , for example by using a scalar disturbance torque compute module 410 eliminates noise value close to 1 , as shown at block 715 . from the disturbance torque rate Tdis 415 using the low pass The technical solutions described herein provide a power filter 520 . The elimination of the noise facilitates the dis steering system that predicts a disturbance torque rate ( Tdis ) 
turbance torque rate Tdis 415 to be differentiated to monitor that is inclusive of driver torque and un - modeled rack 
a rate of change of the disturbance torque rate Tdis 415 , as 15 torque . Further , the technical solutions monitor changes in 
described herein . Additionally , the high pass filtering elimi the computed Tdis signal to determine changes in driver 
nates a constant force component from the disturbance intent . The power steering system implementing the tech 
torque rate Tdis 415 by using the high pass filter 525 . nical solutions described herein facilitates predicting driver 

The estimated disturbance torque rate Tdis 415 matches intent when the driver moves a steering wheel of the vehicle 
measured torsion bar torque ( Ttbar ) well as long as the error 20 even in case of failure or absence of a driver torque signal . 
Tuncertainty is close to zero . However , when the error The driver torque signal is generally received from a torque 
Tuncertainty is significant ( for example , > 0 . 05 ) , an offset sensor in the power steering system . Accordingly , by imple 
error is introduced between Ttbar and Tdis . Hence , using Tdis menting the technical solutions described herein , the power 
directly as a main control signal to provide the assist steering system is able to continue to provide torque assis 
command 225 may lead to incorrect estimation of the driver 25 tance in case the torque sensor fails . 
torque signal . Accordingly , the technical solutions described In one or more examples , the power steering system uses 
herein use a rate of change of Tdis 415 , to predict the driver the predicted disturbance torque rate to provide the torque 
intention . assistance in case the vehicle is travelling at a speed below 

For example , the disturbance compute module 410 com - a predetermined threshold speed , such as less than 20 KPH . 
putes a delta - T dis value 550 to use the rate of change of 30 The predetermined threshold speed is representative of a 
filtered - T dis 415 . The disturbance torque compute module speed value below which the change in the disturbance 
410 computes the delta - T dis value 550 by computing a torque reflects a change in the driver intentions . 
difference between the filtered - T dis 415 and a delayed Tdis The technical solutions described herein , thus , facilitate 
value 552 . The delayed Tdis value 552 is computed by techniques for using EPS signals such as motor angle , motor 
passing the Tdis value 415 through a delay component 530 , 35 velocity , ( other than the driver torque Tahar signal ) to predict 
which may be a unit delay component . The delta - T dis value a disturbance torque Tdis that is representative of the Ttbar 
550 represents an instantaneous change in the driver steering signal ( and un - modeled system dynamics , which may be 
input . caused by non - linearity , error , and signal noise ) . The tech 

The driver intent detection module 210 uses the delta - T dis nical solutions further use existing motor command and a 
value 550 to compute the scalar output Tjis - SF 215 by 40 derivative of the Tdis to predict a driver intent signal , in case 
passing the delta - T jis value 550 to the scaling module 420 , of absence or failure of the driver torque sensor . Further yet , 
which combines the disturbance torque rate with the previ - the technical solutions facilitate scaling down an assist 
ous assist command 242 to provide the torque disturbance command that provides torque assistance to the steering 
scaling factor Tdis - SF 215 . wheel using a scaling factor based on the driver intent signal . 

FIG . 6 depicts example components and an example 45 Accordingly , the technical solutions described herein facili 
dataflow of the scaling module 420 . The scaling module 420 tate scaling down the assist command if direction of assist is 
receives the previous assist command 242 and the delta - Tjie opposite to Tthe direction . The technical solutions described 
value 550 as inputs . The scaling module 420 includes a herein , thus , facilitate an improved tuning for assist in a 
selector 710 among other components . In one or more power steering system used in a vehicle . 
examples , if the previous assist command 242 and the 50 The present technical solutions may be a system , a 
delta - T dis are opposite in sign ( that is one is less than zero method , and / or a computer program product at any possible 
and the other is greater than zero ) , and if delta - Tdis magni - technical detail level of integration . The computer program 
tude is greater than a predetermined calibration value , the product may include a computer readable storage medium 
selector 710 uses a lower scalar value , ( for example 0 ) for ( or media ) having computer readable program instructions 
the T dis - SF 215 value , as shown at block 712 . Else , if the 55 thereon for causing a processor to carry out aspects of the 
condition is not met , the selector uses a higher scalar value , present technical solutions . 
for example 1 , for the Tdis - SF 215 value , as shown at block Aspects of the present technical solutions are described 
715 . Further , in one or more examples , to avoid continuous herein with reference to flowchart illustrations and / or block 
switching of the output , a rate limiter 720 is used . The output diagrams of methods , apparatus ( systems ) , and computer 
Tji - SF 215 value gets multiplied with the estimated torque 60 program products according to embodiments of the technical 
222 to determine the motor torque command 225 , as shown solutions . It will be understood that each block of the 
in FIG . 2 . flowchart illustrations and / or block diagrams , and combina 

Thus , the scaling module 420 , and the driver intent tions of blocks in the flowchart illustrations and / or block 
detection module 210 provides the Tdis - SF 215 scalar value , diagrams , can be implemented by computer readable pro 
which scales down the assist command when the estimated 65 gram instructions . 
disturbance input is in opposite direction to the assist The flowchart and block diagrams in the Figures illustrate 
command 225 . As described earlier , the delta - T dis 550 value the architecture , functionality , and operation of possible 
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implementations of systems , methods , and computer pro 2 . The power steering system of claim 1 , wherein the 
gram products according to various embodiments of the blend module generates the motor torque command based on 
present technical solutions . In this regard , each block in the said scaled value in response to a vehicle speed being below 
flowchart or block diagrams may represent a module , seg - a predetermined threshold . 
ment , or portion of instructions , which comprises one or 5 3 . The power steering system of claim 2 , wherein the rack 
more executable instructions for implementing the specified torque estimation module is a static tire torque estimation 
logical function ( s ) . In some alternative implementations , the module . 
functions noted in the blocks may occur out of the order 4 . The power steering system of claim 1 , wherein the 
noted in the Figures . For example , two blocks shown in driver intent detection module computes the disturbance 
succession , in fact , may be executed substantially concur - torque scaling factor by : 
rently , or the blocks may sometimes be executed in the computing a disturbance torque signal further based on 
reverse order , depending upon the functionality involved . It the motor angle and the motor velocity ; 
will also be noted that each block of the block diagrams computing a change in the disturbance torque signal ; and 
and / or flowchart illustration , and combinations of blocks in 16 implementing a selector to choose between a low value 
the block diagrams and / or flowchart illustration , can be and a default high value for the disturbance torque 
implemented by special purpose hardware - based systems scaling factor . 
that perform the specified functions or acts or carry out 5 . The power steering system of claim 4 , wherein the 
combinations of special purpose hardware and computer change in the disturbance torque signal is computed by 
instructions . 20 computing a difference between successive values of the 

It will also be appreciated that any module , unit , compo - disturbance torque signal . 
nent , server , computer , terminal or device exemplified herein 6 . The power steering system of claim 4 , wherein the 
that executes instructions may include or otherwise have driver intent detection module includes a scaling module 
access to computer readable media such as storage media , that outputs the disturbance torque scaling factor based on 
computer storage media , or data storage devices ( removable 25 the change in the disturbance torque signal and a previous 
and / or non - removable ) such as , for example , magnetic motor torque command . disks , optical disks , or tape . Computer storage media may 7 . The power steering system of claim 4 , wherein the include volatile and non - volatile , removable and non - re disturbance torque scaling factor scales the motor torque movable media implemented in any method or technology command in response to a value of the change in the for storage of information , such as computer readable 30 
instructions , data structures , program modules , or other data . disturbance torque signal having a sign opposite to a value 
Such computer storage media may be part of the device or of a previous motor torque command . 
accessible or connectable thereto . Any application or mod 8 . The power steering system of claim 7 , wherein the 
ule herein described may be implemented using computer disturbance torque scaling factor scales the motor torque 
readable / executable instructions that may be stored or oth - 35 command in response to the value of the change in the 
erwise held by such computer readable media . disturbance torque signal having a magnitude greater than a 
While the technical solutions are described in detail in predetermined threshold . 

connection with only a limited number of embodiments , it 9 . The power steering system of claim 4 , wherein the 
should be readily understood that the technical solutions are computation of the disturbance torque scaling factor by the 
not limited to such disclosed embodiments . Rather , the 40 driver intent detection module further comprises eliminating 
technical solutions can be modified to incorporate any a constant rack force component from the disturbance torque 
number of variations , alterations , substitutions or equivalent signal using a predetermined band - pass filter . 
arrangements not heretofore described , but which are com - 10 . The power steering system of claim 4 wherein the 
mensurate with the spirit and scope of the technical solu driver intent detection module computes the disturbance 
tions . Additionally , while various embodiments of the tech - 45 torque signal using an extended state observer which is 
nical solutions have been described , it is to be understood expressed by : 
that aspects of the technical solutions may include only 
some of the described embodiments . Accordingly , the tech 
nical solutions are not to be seen as limited by the foregoing < abs Agbºob + Bob , 14 + ( y - ? ) , 
description . 50 wherein @ obs refers to a calculated state of the steering 

system , fobs represents a state change , u is system input , y 
The invention claimed is : is system output , Aobs is a system matrix , Bobs is a control 
1 . A power steering system for providing a motor torque matrix , L is an observer gain matrix , and ? is a calculated 

assist command , the power steering system comprising system output . 
a rack torque estimator module that determines an esti - 55 11 . The power steering system of claim 1 , wherein the 
mated rack torque value based on a motor angle , and a disturbance torque scaling factor has a value from a prede 
motor velocity ; termined range . 

a driver intent detection module that computes a distur - 12 . The power steering system of claim 1 , further com 
bance torque scaling factor based on the estimated rack prising a torque sensor configured to detect a driver torque 
torque value by computing a disturbance torque signal 60 signal from a handwheel of the power steering system , and 
based on the estimated rack torque value ; and wherein the blend module generates the motor torque assist 

a blend module that generates the motor torque assist command based on said scaled value in response to the 
command based on a scaled value of the estimated rack torque sensor being in a failure or a disabled state . 
torque value using the disturbance torque scaling fac - 13 . A method for providing a motor torque assist com 
tor , the scaling comprising multiplying the estimated 65 mand by a power steering system , the method comprising : 
rack torque value by the disturbance torque scaling determining an estimated rack torque value based on a 
factor . motor angle , and a motor velocity ; 



11 
US 10 , 155 , 534 B2 

12 
computing a disturbance torque scaling factor based on in response to a value of the change in the disturbance torque 

the estimated rack torque value by computing a distur - signal having a sign opposite to a value of a previous motor 
bance torque signal based on the estimated rack torque torque command . 
value ; and 20 . The method of claim 19 , wherein the disturbance 

generating the motor torque command based on a scaled 5 torque scaling factor scales the motor torque assist command 
in response to the value of the change in the disturbance value of the estimated rack torque value using the torque signal having a magnitude greater than a predeter disturbance torque scaling factor , the scaling compris mined threshold . 

ing multiplying the estimated rack torque value by the 21 . The method of claim 13 , wherein the disturbance 
disturbance torque scaling factor . torque scaling factor cancels the motor torque assist com 

14 . The method of claim 13 , wherein the motor torque mand . 
command is generated based on said scaled value in 22 . A power steering system for providing motor torque 
response to a vehicle speed being below a predetermined assist command , the power steering system comprising : 
threshold a torque sensor configured to detect a driver torque signal 

15 . The method of claim 14 , wherein the motor torque is 15 from a handwheel of the power steering system ; and 
estimated based on a static tire torque estimation module . 15 a control module configured to : 

in response to the torque sensor operating without a 16 . The method of claim 13 , wherein computing the failure : disturbance torque scaling factor further comprises : determine a first estimated rack torque value based 
computing the disturbance torque signal further based on on a motor angle , a motor velocity , and the driver 

the motor angle and the motor velocity ; torque signal ; and 
computing a change in the disturbance torque signal ; and generate a first motor torque assist command based 
implementing a selector to choose between a low value on the first estimated rack torque value ; and 

and a default high value for the disturbance torque in response to detecting a failure of the torque sensor : 
scaling factor . determine a second estimated rack torque value 

17 . The method of claim 16 , wherein the change in the 25 based on the motor angle , and the motor velocity ; 
disturbance torque signal is computed by computing a compute a disturbance torque scaling factor based on 

the second estimated rack torque value ; and 
torque signal . generate a second motor torque assist command based on 

18 . The method of claim 16 , further comprising output a scaled value of the second estimated rack torque 
ting the disturbance torque scaling factor based on the 30 value using the disturbance toque scaling factor , the 
change in the disturbance torque signal and a previous motor scaling comprising multiplying the second estimated 
torque command . rack torque value by the disturbance torque scaling 

19 . The method of claim 16 , wherein the disturbance factor . 
torque scaling factor scales the motor torque assist command 

20 


